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THE FUNDAMENTAL INTERVAL IN METEOROLOGICAL 
AND CLIMATOLOGICAL STUDIES, ESPECIALLY IN 
CHARTS OF ISOHYETAL LINES. 
It is a well-recognized principle in meteorology that a coin- 

parison of averages for different countries, or for diderent 
parts of the same country, is liable to lead to erroneous con- 
clusions unless we are careful to compare data for the same 
hour, day, year, or group of years. It is frequently difficult 
to do this because the records are fragmentary as to months 
ancl years and the observers have used such a variety of hours 
of observation. The labor of obtaining from broken records 
the approximate values proper to a continuous series o f  years 
is very great, and in fact distasteful to many climatologists, 
so that the published cliarts of mean values are often a col- 
lection of heterogeneous data that are not properly comp:tr- 
able with each other. The necessity of adopting and rigidly 
adhering to definite fundamental intervals when constructing 
a chart of rainfall was fully presented to our readers in the 
MONTHLY WE~THER REVIEW for April, 1903,’ ancl the same prin- 
ciples apply to all other met,eorological data. Interesting 
technical ancl historical details me giveu by Prof. Dr. George 
Hellmann in his exhaustive memoir on the precipitation of the 
watersheds of the north German rivers, published at  Berlin 
in 1906.’ I n  three large volumes Hellmnnn deals with about 
4000 rainfall stations; the available records begin with one 
station in 1701 and end with 3673 stations in 1S90. He 
adopts 1851-1900 as the fundamental interval or base period 
for all his studies and charts. 

The records can not lie combined into one perfectly satis- 
factory system because the observers have had different, points 
of view in mind. Some have 1)aicl attention to heavy rainfalls. 
others to both light and heavy equally. Some have recorded 
the depth of snow in inches ant1 others the depth of the equiva- 
lent water. Some have rec*nrded the number of days of pre- 
cipitation above an arbitrary lower liniit, say one millimeter, 
others have recorded the digh test possible sprinkle. Some 
have measured by weight, others by volume, others by depth 
of rainfall. The total collected material must therefore 1)e 
divided ancl studied according to the individual peculiarities 
of the observers and their records. Hellmann says L‘ the cor- 
rectness of these rainfall tables depends upon the View tlint is  
taken of the precipitation, and strange as it may seem there 
scarcely exist anywhere in iiieteorologg data that are less reli- 
able and less comparable as to uniformity than those of precipi- 
tation. The indiviclual views, the accuracy, and the mode of 
life of the observer play an iinportant part, and these personali- 
ties can only be excluded by the uniforni introduction of self- 
registering apparatus of uniform type ancl delicacy.” 

STYLE OF QAOE. 

I n  his efforts to reduce all his (lata to a uniform system of 
intercomparable averages, Hellmann begins with R study of 
the influence of the shape and construction of the rain-gages 
themselves. With regard to this point he states that the old- 
est gages consisted of a simple receiving cylinder. The pre- 
cipitation evaporates so easily from these gages that the great- 
est attention on the part of the observer is necessary; the 
rainfall must be measured without delay, and falls of one- 
hundredth of an inch are quite often not measured but lost. 
Moreover, the gages were so shallow that the snow was always 
liable to Le whirled out of them. 

An item that especially intereets u s  is Helliuann’s nccount of 
the conical g a i e  which was used by the physiciails 1<an01(1 
and Kundmann, of Breslau, in 1717 to 1727, and which vas  
originally described with drawing a t  page 160 of the Samm- 
lung von Natur- und Medecin- . . . Geschichten. Sommer 

~ ~ ~- ~ 

Vul. SSS, p. 2055213. 
zSee Monthly Weather Review for ,July, lW5,  VI^. S S S I V .  p. 328. 

Qunrtal 1717. Breslau 1718. Quarto. Page 160. Hellmann 
states that before knowing of the work of the Breslau physi- 
cians he had himgelt modified his own rain gage of 1886 in an 
analogous manner, allowing the vertical cylinder to terminate 
below in a cone, so that the first part of a very slight rainfall 
could be measured most accurately. 

A conical gage was introduced to American observers by 
Simeon De Witt about 1807, and is described by him in the 
American Journal of Science. We had almays supposed this 
to be an American invention until historical research brought 
to light this oltler Geriuan usage.’ 

Altho the older authors describe clearly the conical mouth 
of the gage, with the 1 arious additional devices for measuring 
the catch, yet the method of weighing rather than measuring 
the rainfall seems to have heen the favorite a t  a11 the early 
German stations. The use of a special sinall gmdiiated glass 
cylinder was introduced inuch 1. A t er. 

EUJO\IIHE OF  IN c+u,E. 
With regard to the exposure of the rain gage Hellniann justly 

remarks that this is vastly more important than any peculiari- 
ties of instruiiiental construction. The diminution of rainfall 
with altitude wasknown for a century before i t  became clearly 
understood that this apparent diminution of rain is purely an 
instruiiientd error clue to the influence of the wind at the mouth 
of the rain gage, and Hellmann claiiiis for himself the important 
conclusion that i t  is wrong to require that rain gages shall be 
placed on or near the ground and be exposed as freely as pos- 
sible to the wind. This discovery is of more importance now 
that our rain gages are so often placed high above the grollnd, 
whereas formerly they were in protected spots in gardens or 
fnriiis. Hellinann properly states that no general law for the 
conversion of the catch of the gage into true rainfall has yet been 
found. We think, however, that if several gages of the same 
type are siiiiilarly placed (e. g. upon post?), in the same locality 
in an open field, a t  different heights above ground, the differ- 
ences in their records should give us the means of approsi- 
inately correcting for the wind effect. I n  the protected gages 
of Joseph Henry (1S53), F. E. Nipher (187S), and R. Boern- 
stein (1SS4), as well as in the protected gages established by 
Hellmann in the centers of deprest roofs or protected by battle- 
ments, we attain results that are very nearly independent of 
the wind. The rule that rain gages should be established one 
meter above the ground in Europe, or one foot above the 
ground in Great Britain, should be supplenientecl by the rule 
that they must also be protected from the wind. Hellmann 
quotes the results of observations in Germany, in 1x96. show- 
ing that they agree with those macle elsewhere in proving that 
the difference between gages a t  the ground and a t  one meter 

Htbn. Simrun De Witt was born about 1755 and died at Ithaca, N. T., 
December, 1831. He mas for a long time barreyor-general of the Statr 
of New York. and \\as also one of the regents of the university. He 
published many contributions to knoaledge and mas a man of strong 
character ani1 great iufluence. III an obituary noti1.e Prof. Benjamin 
Silliman says: “ The Hen. Simeon De mitt \vas an eminent patron and 
d t i \  ator o f  useful knowledge, and himself possessed high scientific 
attainments, especially in astronomy, engineering, and general physics. 
We deeply lament his loss, uot only RS a friend of science, but ab a pure 
patriot, a zealous and indefatigc~k~le public officer, an estimable citizen, 
and au hourst ulitn ”. 

In In07 De Witt read before the Albany Institute (see Vol. 1, page 60 
of  its transactious) a description of an elaborate conical rain gage; but 
ah this was costly in construvtion, he afterwards (May 3,1833) described 
a much siiilpler and cheaper form, known as De Witt’s 9-inch conical 
rain gagt,,’’ aut1 gave examples of the records made with it during April 
ant1 May o f  that yenr (see the American .Journal of Science and Arts, 
vol. 22, p. 321-324.) 

There is no certain e\ idence De Witt had any knowledge of the conical 
gage used 1j.v Kanold and Xundmann in 1717-1787, but it is not impos- 
silde that he may have heard of this device for measuring small rainfalls 
thru mention of it in bome of the numerous works that were accessible 
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(bmer. .Jour., Sci.,  VUI. 27, 1834, 395.) 

t o  him at Alllany and IthaCa.-EDIToR. 
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above the ground is G per cent, and diminishes regularly with 
altitudes. He also shows that the diminution is greatest in 
cold months.' 

ANNUAL VARIABILITY. 
On page 37, of this volume, Hellmann takes up the question 

of the reliability of any mean annual rainfall so far as that 
depends upon the variability of the weather from year to year, 
showing very plainly that only the means that are based upon 
many years of observations, and as far as possible OD simultane- 
ous records, can lead to reliable results as to the geographic 
distribution of rainfall. His study, moreover, shows us how 
mean values deduced from shorter periods may be utilized to 
this end. The first step is to secure a long series from several 
stations-he quotes 14 for which he has records for fifty years 
or more. For each of these the mean is taken for each period 
of five, ten, twenty, thirty, ancl forty gears for comparison with 
the mean for sixty years, The differences show us that 
for the German stations the mean of any five years will differ 
by 5 or 10 per cent from the mean of any other five; that  the 
variability of the mean annual rainfall increases decidedly as 
we go inward from the ocean; that  the range of the average 
of twenty years may be from 15 to 30 per cent of the total 
rainfall; that in order to obtain a rainfall average that is cor- 
rect to within plus or minus 3 per cent we must have a com- 
plete record of a t  least thirty and in many cases over forty 
years. These statistical studies in accordance with the method 
first published by Koch, in 1887, and Blanford, in 1893. if 
applied to the more variable climate of the United States would 
undoubtedly require US to wait until we have fifty years of 
observations under uniform exposure of the rain gage before 
attributing to its mean records an accuracy of plus or minus 
3 per cent.5 

On page 41, of Hellmann's memoir, is given an equally im- 
portant study relative to the frequency of dry years and wet 
years. I f  we convert each annual rainfall a t  Giitersloh from 
millimeters into a corresponding percentage of the normal 
annual rainfall and then out of the 61 years of record pick 
out the ten wettest years and again the ten driest, we find the 
average precipitations to be 121 and 73 per cent, and the dif- 
ference between them is 51 per cent of the normal raiufall. 
If only one could foresee when these extremely wet and dry 
years would occur. But, as yet, this is as impossible for 
Europe as it is for America. 

REDUCTION TO THE FUNDAMENTAL PERIOD. 
There were only 109 stations available to Hellmann for com- 

puting annual average rainfalls for his fundamental period of 
fifty continuous years preceding 1900, and these stations are 
not sufficient to form a reliable rainfall chart of Germany. 
He, therefore, set himself the problem of reducing the shorter 
and fragmentary series to what they woulcl have been if con- 
tinued during the whole of this fundamental period. I n  this 
connection he states, on page 42, that  according to the An- 
nuaire of the Meteorological Society of Francee the hydraulic 
engineer, Fournib, in 1864 first established the rule that the 
ratio of the annual rainfall a t  neighboring stations is nearly 
constant from year to year, but  that  this is not true for sta- 
tions far apart, and this principle was long used by the engi- 
neers before it was adopted by  the meteorologists. In  1873 

'Various interesting details on this subject will be found in an artitlle 
written by the Editor in 1887, and printeu in the Monthly Weather Re- 
view of October, 1899, Vol. SSVII, pp. 46P468. 

The error8 of short-period rainfall registers in the United States were 
briefly discust by Prof. A. J. Henry, in Weather Bureau Bulletin I), 
(i897), p. 9. For the eastern coast of the country the pohsible error of a 
ten-year period was found to be 16 per vent of the normal annual amount; 
for the interior valleys 17 to 2U per cent: ant1 for a Pacific t m s t  qta- 
tion only 10 per cent. The conclusion reached by the author was that 
at least thirty-flve or forty years of observation are necessary to obtain 
a result that will not differ more than plus or minus 5 per cent froin the 
normal. 

See the Annuaire for 1865, p. 20. 

J. Iiarsten discust the question whether the method used for 
reducing mean temperatures to a common basis and to a nor- 
mal station could not also be used for rainfall. I n  studying 
the rainfall Iiarsten used the differences between neighboring 
stations, rather than the ratios, ancl found fairly good results, 
but only when the rains were uniformly distributed and when 
extreme values were rejected and when the stations were very 
near and under similar influences. He found that in sumnier 
time heavy local thunderstorills disturbed all such re1 a t' ions. 
In  1880 Hann, and in the same year, also, Hellniann himself 
modified and iuade use of Iiarsten's idea. The fundamental 
basis of liarsten's method is the assumption that the great 
variations of rainfall occur siiiiultaneously over broad regions. 
The hame principle has been adopted concerning temperature 
for many yearb past, but temperature is iiiuch more regular 
than rainfall. Before applying liarsten's method Hellmann 
stuclied the ratios of pairs of stations that are only one, two, 
or three kilometers apart, as is (lone in Fourni6's method, and 
finds that the ratio, which should be unity, actually varies 
lietween 1.144 and 0.930 in the forty-four cases that he cites 
for four stations. These stations were chosen because the 
rain gages were alike and ni th  the liest exposures, but if tlie 
gages have bad exposures the ratios are much more variable 
and irregular, and so also if the gages are at  greater distances 
apart. The irregularities are also, of course, increased when- 
ever there is any change in the homogeneity of the series due 
to a change of gages, esposures, hours of observation, or ob- 
servers, so thnt by studying the relation between the records 
of two stations we can ewn  ascertain the value of the different 
parts of the long series. On page 46 is given a very im- 
portant table showing year by year the ratio lietween the re- 
spective annual rainfalls, as also the departures of these ratios 
from their average values for four pairs of stations, which are 
separated from each other, approximately, aq follows : 

- - 
I 
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Rerlin w r i t h  5' ai,\l 120 kiloiinrters t a b  Tdrgaii. 
( ol,,guc wuth 30n rmt 211 hiloilrrters tu Buuii. 
be iawu s<mili F u s t  55 k i l  m ' 1 t  rs to  Frniihfvrt. 
1~iiter4oh north 450 w d  100 kiluueter.1 tu L i u p o  

The ratios of the annual rainfalls of these stations vary be- 
tween 1.43 and 0.75; that is to say, one station of :I pair 
has a rainfall that is sometimes 43 per cent above and a t  other 
times 95 per cent below the rainfall for the other station. The 
oscillations of the ratio may be as large as G T  per cent for one 
pair, viz: Berlin-Torgau, but the auiount is only 47 per cent 
for the best pair, viz: Giitersloh-Lingen. The ranges do not 
depend simply upon the tlistances of the stations apart. Even 
if we compute the ratios not for individual years, but  for the 
lustra or five-year periods, still they have a very large range, 
as is shown by tables for twelve different groups of stations; 
so that in general neither indiviclual years nor individual lus- 
tra can profitably be retluced to the means for tlie fifty-year 
fundamental epoch. 

In  order to determine more exactly the influence of the dis- 
tance from each other of a pair of stations the records for 
Berlin were compared with those for twenty other stations 
located at  distances of from 94 to 65.5 kilometers, most of them, 
however, stretching in a belt from east-northeast to mest- 
southwest, nearly parallel to the coast of Germany ancl Hol- 
land. The average departure of each annual ratio from its 
mean value increases from 13 per cent for the nearby stations 
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up to 18 per cent for the more distant ones; the results being 
charted show that in north Germany it will always be advan- 
tageous to reduce the precipitation for any station to the fun- 
damental period by using stations to the westward as noriiial 
htations. 

The limit of tlie error introduced by reducing mean rain- 
falls for a short period to those belonging to the fundaniental 
period is worked out by Hellinann according to a method that 
he applied in 1875 for the reduction of French observations, 
and he concludes that his isohyetal chart for 1851-1900 is 
liable to be in error in some places by from 8 to 12 per cent 
of the local rainfall when the local stations have only ten or 
fifteen years of observations, ltut by less than 5 per cent when 
thirty years of records are available. 

ANNUAL PERIUDICITP. 

The annual periodicity of the rainfall is based u p o ~ i  monthly 
means from all stations for which there are over 35 years’ 
records. Here again we have to face the fact that the monthly 
means are not comparable aillong themselves, owing to the 
various lengths of the months, and some correction must) be 
made before we can ascertain precisely the character of the 
annual periodicity. The difierence between tlie 28 drtys of 
February and the 31 days of soiiie other months is equivalent 
in fact to 10 per cent of the monthly rainfall. Hellmann pre- 
fers to espress the monthly rainfalls as percentages of the 
total annual for each locality without making other tlieoretiral 
corrections. Renou reduced the rainfalls for any calendar 
month to its value for a month of normal length, nainely, 30.42 
clap; H. Meyer reduced eacli month to an equivalent for 30 
days: vuetelet and Kreil adopted the quotient of tlie nuni1)er 
of days of rainfall by the number of clays in the month, m c l  
ascribed the average daily rsinfnll to that  day of the year or 
that longitude of the sun that corresponded to the middle of 
the month. Even Angot’s method of relative excesses or his 
pluviometric coefficients (apparently due to Renou) only iiu- 
perfectly overcomes the irregularity clue to the unequal lengths 
of the months. Hellmann points out that d l  these methods 
lead to the same result if instead of actual rainfalls we use, 
monthly rainfalls esprest as percentages of the total annual. 
In  his lithograpliic Plate No. 1 [not reproduced] he gives the 
annual curves of percentage of precipitation for all of his 35 
ancl 50-year stations, about !N in all. 

The clistribution of rainfall in (ferniany by percentages for 
the four seasons-winter, spring, simmer, and autumn-brings 
out clearly the contrast between continental and oceanic influ- 
ences, and this is summarized in Helliiiann’s figure 7, page 82,  
which slion s the percentage of precipitation in the colder half 
of the year, October to March, exprest as a percentage of that 
which falls in the w3rmer half of the year, April to September. 
Thus for Bonn, on tlie average of fifty !ears, 41.8 per cent of 
the total annual precipitation falls in winter and 58.2 falls in 
summer. The lines of equal winter percentage sliom a stenqly 
cliiiiinution from 50  per cent in the northwest toward 30 per 
cent in the east and southeast. Thus in the valley of the 
lower Rhine the precipitation i s  evenly divided between winter 
and sumiiier, but  in the valley of the upper Oder the summer 
rainfall is almost twice that  of the winter. These relative 
quautities of rainfall and snowfall are the vitally important 
factors in a11 studies of forestry, agriculture, and hydraulic 
engineering, and, as the Editor has pointed out, in glacial 
climatology also. Siiiiilar studies applied to the Nile, the 
Mississippi, and the great rivers of Inilia and China have a 
direct bearing upon broad problems of internal navigation 
ancl irrigation. 

Hellniann’s maps on page 84, showing the montlis of heavi- 
est ancl lightest rains, depict the pegion of heavy rains moving 
northward into Deninnrk; the iuonth of September appears 
unimportant, whereas meteorologists have generally stated 
that this is the month of maximum rainfall in Schleswig-Hol- 

stein, an error that seems to have arisen froiii the study of 
various short series of observations. The annual inovements 
of the areas of heaviest and lightest rainfall are not esplicable 
by any study of the movenients of the areas of high and low 
pressure. 

As we may determine daily mean temperatures from the 
claily maxima and minima, so Helliiiann studies to what extent 
me can determine the annual rainfall from the records of  the 
three driest and three wettest months. With the assistance 
of IT. Meinardus, who examined about thirty different stations 
from this point of view, he has tliscoverecl that the principal 
features of the annual rainfall are analogous to those of the 
vettest and driest months, so that there is a nearly constant 
ratio between the mean annual rainfall and that of the months 
of heavy rainfall. On tlie average of fifty years, the month 
having the heaviest rainfall has about 18 per cent of the 
annual rainfall, the month having the nest lowest rainfall has 
about 11.5 per cent of the annual rainfall, and the nest lowest 
month has about 12 per cent, so that the suni total of the three 
wettest months averages -12.41 per cent of the total annual. 

The prececling studies give no evidence of any periodicity, 
esce1)t the daily and annual periodicities in the rainfall, and 
relate only to the so-called irregular or nonperiodic departures 
which in view of our limited knowledge we call accidental 
variations from normal conditions, but Hellmann now pro- 
cee(1s to the search for truly periodic variations. 

Being given a series of monthly means for many years. if we 
take the general averages by months, then the difierence be- 
tween the month that has tlie highest average and the month 
that has the lowest average in the meanperiodic rangr. If, how- 
ever, we pick out the highest and the lowest iuonthly values 
for each year and take the itverage of the resulting extreme 
annual ranges we obtain the so-called aperiodic range which 
is larger than the periodic because the extremes of rainfall do 
not always occur in the same month. Thus for Iiiinigsberg, 
Hellinann finds a mean periodic range that is 7.5 per cent of 
the annual rainfall while the mean aperioclic range is 15.9; the 
iuaximum range for any year is 27.3, and the minimum is G.4. 
I n  general the ) ) i i r i i n w ~ u  i-alut. of the aperiodzr riiqt’ a t  any strt- 
tion is aliout as large as tlie 7 ) i ~ m i  p P r i r J d i C  r n ~ g e  a t  that station.’ 

The mean periodic amplitucle is shown by a curve of monthly 
values, and this curve becomes flatter with eleration above sea- 
level, since the summer rains diminish and tlie winter rains in- 
crease \I ith altitude. On those portions of the rainfall map of 
Germany, where 50 per cent of the rainfall a t  low stations occurs 
in the colder half of the year, we have only to ascend a short 
distance in order to find an inversion in the curve of annual 
rainfall clue to the influence of the mountains, and to the fact 
that our stations are high enough up to allow us to recognize 
the esistence of this phenomenon. I n  the German mountains, 
the winter rainfall is more important on the windward side than 
at  the same level on the leeward side. But there is a plane or 
altitude above which the annual curve for low Rtations is 
inverted; where, consequently. the winter rainfall is more 
iinportant than the summer. The summits of the eastern 
mountains of north Germany liarcllg attain to this level, since 
the measurements on the Schneekoppe (1603 meters) and 
other similar mountain tops appear to be too uncertain to fis 
the value of the winter rainfall. On the other hand, in the 
western part of north and south Germany the altitude of the 
plane of inverrion is about 500 or GOO meters, but ton years 
more of observation are still needed to fis tlie elevation at  all 
precisely. I n  the Alps, a t  least on tlie northern slopes, there 
seeins to be no inversion. 

Hellinann makes a special study of heavy local rains, of 
The difference between extreine values is the ramie: tlie half-differ- 

eiice is the mpZitiuEe or the e.\twit o f  the departure either way trrbtii n 
mean value. 

LIJC’IL RBIXh. 

~ ~ ~~ _ _ ~ ~  ~ 
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short duration, the so-called platzregen ". In defining an 
excessive rain he differs entirely from previous European au- 
thors (Goodman, Riggenbach, Lea) and says: (' I f ,  therefore, we 
would define platzregen we must take account simultaneously 
of both the duration and the intensity Hellmann modifies 
his earlier system of 1891 and states that in the present study 
he considers only those local rains whose intensity per minute 
and whose duration are as follows: 

I I 

The total number of cases occurring in each of these eight 
classes in north Germany between 1891 and 1902, as shown 
by continuous registers (Helliilann-Fuess pluviographs), is as 
follows : 

-~ -~ 

~~ 
~ 

~ 

81 s5.57 3.46 1x5 5151 123 151 

The relation between the mean intensity, i, o f  each of these 
groups and the tlnration of the rain. t ,  in minutes is esprest 
approximately by the following empirical forinula : 

~ 

i = - 0.311 + 3.522/$':1/f. 
Inasmuch as i is the quotient of the depth of rainfall, h, 

divided by the time, t ,  therefore the abore formula may be 
written 

h = - 0.311 f + 3.592 Yf'. 
As this foriiida corresponds expressly to the intense rain- 

falls, i t  represents a boundary line that separates such cases 
from those estraordinary rains that might be conceived of as 
possible, but that practically never occur. It becomes, there- 
fore, an appropriate problem for the physical meteorologist to 
ascertain what physical conditions exist in the atmosphere that 
impose such a limit or boundtcry line, or to ascertain what pre- 
rents the occurrence of rainfalls more intense and over longer 
periods of time. A chart of the location of these heavy rains 
shoms that they me fairly evenly distributed over the whole of 
Germany, bu t  are rather iiiore frequent in drier regions. 
Moreover, they oocur aliiiost esclusively in the summer 01 
warmer half of the year, K O  per cent being in June, J d y ,  and 

A longcontinued heavy shower is known both in Germany 
and in America as a " cloudburst." To this phenomeuon 
Hellmann gives a special tlefinition. namely, " a cloudburst is 
a shower of a t  least one hour's duration, \\hose intensity ex- 
ceeds the above-defined limits of the heal iest local rains, viz, 
if the cloudburst lasts an hour. the rainfall must esceed 5f; 
inilliiueters; i f  t n o  hours, 6:) milliiiieters; if three hours, !IO 
inillimeters ". Hellmann quotes eight such cloudbursts, of 
which the most remarkable occurred a t  Berlin on April 11, 
1902, when 113 millimeters, or 5.63 inches, fell in the course 
of three and one-half hours. 

With regard to one very interesting question, namely, the 
geographical extent or the h i i t  that should be assigned to a 
so-called local rain, Hellinann simply says that we must wait 

"The  definition of esrehsive rain as used by the  Weathrr Bureau was 
niodifled in the letter part of 1896 so as to  take accouut of both time and 
intensity. (See Monthly Weather Review, ,January, 1897. Vol. SSV, 
p1.1. 13 and 21.) Poctor Hrlliiiaun'+ system is in siibstantial agrec>.mi*nt 
u l th  tha t  of tht. JVvatlier Bureau.-A. J. H.  

d 11 gust . 

_____ -~ 

until we have a deneer network of pluviographs, and this is 
true not only for Germany but  for the densest networks, as in 
England and Barbadoes. 

PERIODIC VARI.4TIONS. 
After studying the frequency of precipitation, both diurnal 

and annual, Hellmann takes up the departure from uniformity 
which is usually exprest as an average departure per month 
or per year, and which may be either periodic or nonperiodic. 
If periodic, then some regularity should be found in the oc- 
currence of successive wet or  dry years, months, and days. 
After thoroly studying the accidental occurrences, Hellmann 
devotes a few pages to the periodic variations a t  31 stations 
having long records. With regard to the 11-year sun-spot 
period he says: 

Some authors have denied any connection Iletween rainfall and sun- 
spot periods, and s m e  believe they have found such, altho these latter 
do not agree among themselves, since some of them find a masinium of 
sun  spots agreeing with an excess of rainfall aud others End the con- 
trary. But these tlifferences in the results may proceed from the fact 
that  solar processes mag have very different indirect influences on dif- 
ferent parts of the earth. Ail iuvrease or diminution of insolation in the 
equatorial zone must modify the energy of the  general circulation of the 
atmosphere, whose consequences will be felt years later ant1 in different 
ways in the other parts of the globe. Moreover, there will be a t  every 
station a direct local iuHuence such that  the latter may either agree with 
or differ from the  iutluenue that  comes to  i t  from distant equatorial 
regions. Thus i t  may happen tha t  at one place the  maximum rainfall 
inay agree with tlir minimum. This idea is  coufirmed by the fact that  
in wester11 Europe the wettest and the driest years appear to be delayed 
as we go iiorthward, so that ,  for instancr, they occur in Scotland one or 
two years later than in Portugal ant1 southern Spain. 

The period 1851-1900 embraces four and one-half sun-spot 
periods, which Hellmann counts froiii minimum to minimum, 
as is done by Ham.  The rainfalls for 31 selected stations, 
exprest as percentages of their respective averages, are now 
summed up, and the totals representing all of Cfermany are 
compared with the relative sun-spot numbers of Wolf and 
Wolfer." By taking the averages of these percentages and 
smoothing these by the formula ( n  + db+ P )  / 4, Hellmann ob- 
tains a rather regular series of numbers that indicates a clouble 
periotl of rainfall within a sun-spot period. The principal 
iuasimum of rainfall slightly precedes the minimuin of sun 
spots, but the seconclary maximum of rainfall coincides with 
the inasiinuin of sun spots. Similar results have been attained 
by others, and in order better to unclerstancl the physical con- 
nection Helliuann repeats the computations for the cold and 
warin halves of the years 1851-1900, but the results for the 
two halres of the gear are precisely like those for the whole 
year. The total amplitude of precipitation within the sun-spot 
period is H per cent in summer and 16 per cent in winter, and 
is therefore much smaller than the irregular variations from 
year to year. 

Ii'ith regartl to Briiokner's 35-year period, which was in fact 
first recorded by Francis Bacon in 1632, apparently as the 
suggestion of some earlier student, Hellmann states that  he 
fintls partial confirmation of its eiistence. He iuakes use of 
24 series appropriate to this study, beginning \\ith IS16 a d  
ending u itli 1900. He compiles lustrum averages, exprest in 
perccntages of the average rainfall (hiring the fundamental 
period 1551-1900, and finds a general masiinum of rainfall in 
the lustrum 1876-1880, and a general minimum in lStjl-lS65; 
however, this maximum is not repeated 35 years earlier at  many 
stations, but occurs rather later, namely, 1H51-1855. The 
minimuin of 18G1 recurs again 35 years earlier, in 1826-1r(30. 
Hellmann concludes that these relations between rainfall and 
1iossilile cosmic influences can not have any practical impor- 
tance since, when we collie clown to individual cases, the rules 
fail as often as they fit. I n  order to help on such investiga- 

The,r itre 1)ul~li5hecl in  f u l l  in the Monthlg Weather Iievira,  April, 
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tions meteorologists can do nothing better than to secure for 
the whole earth the longest and most homogeneous series of 
observations poesib1e.-C. A. 

A POSSIBLE CASE OF BALL LIGHTNING. 
B) W I I  L I m  H. ALFXAVDBR,  Lori11 Forernsler Dated Burlingtoil, \‘t , August 13, 11117 

During the month of July, 1907, the weather in the Cham- 
plainvalley, i f  not in the entire State of Vermont, was character- 
ized by several interesting (not to say abnormal) features. 
Perhaps the most prominent feature was the large number of 
violent, and in many cases destructive, thunderstorms that oc- 
curred. A considerable number of lives was lost and much 
valuable property destroyed by lightning. Without doubt 
one of the most singular, certainly one of the most unusual, 
electrical phenomena known to the writer occurred at  Burliag- 
ton on the 2d, incident to the passage of a barometric depres- 
sion from the Lake region to the lower St. Lawrence Valley 
during the last days of June and the first days of July. The 
distinctive feature of this storm was the single peal of thunder 
or explosion attended by what is believed to have been a case 
of I r  ball ” or ‘< globe ’’ lightning. The ‘‘ explosion ” was so 
sudden, so unexpected, and so terrific that  it startled practi- 
cally the entire city, and there was a general, spontaneous 
rush to the windowor street to see what had happened. 

Effort has been made to obtain from eyewitnesses all ob- 
served details of importance relative to the phenomenon, but 
it appears that altho all heard the sound only a few actually 
saw anything. Fortunately, however, there mere competent 
and reliable witnesses whose statements are given below in 
their own words. 

Bishop John 8. Michaud says: 
I was stauding on t h e  corner of C1inri.h aud (‘ollege streeth just  in 

front of  the  Howard Bank and faving east, engaged in conversation with 
Ex-Governor Woodhury and Mr. A. A. Buell, when, wichoiit the  slightcst 
iudication or warning, we \\ere stai tleil by what souucled like a mo-t u n -  
usualand terrific explosion, evitlently very near 11s. Raising my eyes ani1 
looking eastward along College btreet, I olisei x ed a torpedo-shaped hotly 
siiiie 300 feet away. stationary in appearance aud suspended in the  air  
about 50 feet above the  topsof the bllililings. I n  size, i t  was abttut 6 feet 
long by 8 inches in diameter, the shell or  cover having a dark appearancib, 
with here and there toiigiies o f  fire issuing from spots ctn t h e  surface re- 
sembliug red-hot unburnished coplier. Altho stationary wheii first 
noticed this  object soon began to movi~, ra ther  slowly, auil disappearell 
over Dolan Brotherb’ store, southward. A s  it moved, t h r  covering 
seemed rupturing in places and thru  these tlie intensely red names i-sued. 
My first impression was t h a t  i t  was some explosive shot  from the upper 
portion of the  Hall furniture store. When first seen i t  was surrounded 
by a halo of dim light, some 2Ofeet in dianieter. There mas no odor that  
I am aware of perceptil )le after t h e  disappearance of tlie phenomenon, nor 
was there any  damage done so fat as kiiown to  me. Altho the  sky was 
entirely clear overhead, there  mas  tin angry-lookiug eumulo-nimluz 
eloiid approaching fri)m the northwest; otherwise thrrr was absolutolg 
nothing to  lead us t o  espect anything so remarkable. And. strange to 
say. altho t h e  dowupour of r:tin folluwing tliis plieuomrnou, perhaps 
twenty minutes later, labtetl at least half an hour, tlirre was no indica- 
tion of any other  h b h  of liglitniiig o r  sound of thunder. 

Four weeks h a r e  past since the  occurrence o f  th is  event, biit the  pit tu re  
of t h a t  scene and the  terrific concussion caused by i t  art‘ vividly beftwe 
me, while the  crashing sound still rings in m y  ears. I holje I niay never 
hear or see a similar phrnonieuou, at least at such close range. 

Mr. Alvaro Adsit says: 
I wits btandiiig in my s tole  door fitt.lng the  north;  liiy itttentiou was 

attracted by this ball of fire“ appartlntly desceudiug toward a point on 
the  opposite. side of the  s t r e 4  in frout of the Hall furniture +tore; when 
within 18 or 20 feet of tlie ground the ball explodwl with a deafening 
sound; t h e  ball, before the  explosion, waz apparently 8 or 10 inches in 
diameter; the halo of light resulting from the esplosioii was 8 or  10 feet 
in diameter: tlie light had a yellowish tinge, soiuewhat like i~ candle 
light; no noise or sonud was Iiearil before or after thtl exli1i)siou; no 
damage was alone 61, far as kuuwn tu me. 

Mr. W. 1’. Doclds (who mas on the south side of the street, 
in the office of the Etluitable Life Insurance (’0.) says: 

I saw t h e  “ba l l”  just before tlie explosiim: i t  was moving apparently 
froin the northwest (over the Hornan1 Bank Building) aiid gratlually de- 
scendiiig ; (lit1 not see i t  at the  nionirnt of (lie csplo<ion, 01 afterward; 1141 
dam,ige resulted so far as ILnon.~~ to me. 

C O L L  E C E  STREET 
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FIi+. 1.-Plan of small sectinii of Burlington, T’t., tlrawn (not to  rxavt 

scale) to  show roughly t h r  sevwal places mentioned in connection with 
tht. electric ~ilienomeuon of .Tuly 2, 19117. 1. Howard National Bank. 
9 National Biscuit Company. 3 .  Hall’s Furniture C:nmpany. 4. Fer- 
gu-on L- Adsit’s store. 6. Equitabli~ Life 1nsurant.c 
( ‘tbmpany. 

The following account is taken from the Burlington Daily 
Free Press of .Tidy 3, 1907: 

A forerunuer to one of the  series of heavy and frequent thunderstortus 
tliat have 1,haracterized the  early sumnier in this  vicinity btartled Bur- 
lingtonians yesterday jus t  before noon. Without any preliminary dis- 
turbitnce of the  atmosphere, there was a sharp repoit. tlie like of which 
is seldoni heard. It was much louder in t h e  busineqs section of the. 
city than  elsewhere, and particularly in the vicinity of Church and Col- 
lege streets. PIIople rushed to the  s t reet  or to wiudows to  learn what 
hat1 happened, and when a horse was seen flat in the street in front of 
the  Standan1 Coal and Ice Compauy’z office it was the  general impression 
that  the animal had been struck by lightning and killed. This theory 
was not long  entertained, as tlie horse was soon struggling to regain his 
feet. * * * 

Ex-G,vernor Woorlhury and Bishop IIichaiiil were standing on the 
cortier o f  Church ant1 College streets in coiirersation when t h e  report 
btartletl them. I n  talking with a Free Press  man later in the  day Go\- 
w n o r  Woodbiiry said his firbt thought was tha t  an  cqdosion had occurred 
somewhere in the imnircliate vicinlty. and lie turned. expecting to see 
bricks flying thru  the  air. Bishop Michaud \vas facling tlie east and saw 
a Imll of fire rushing thru the air, apparently just  east of t h e  National 
Ijiscuit (’iiiiipany’s building. Aharn Adsit also saw the  ball of Are, as 
did a young man who was lookiug out  of a window iu the  Strong Theater 
Biiiltliiig. Another inan with a vivid imagination declared t h a t  the  ball 
strucsli the  center of College street near the Standard Coal and Ice Com- 
pany’s office, kuocked the horse down by the jar and then bounded iip 
again to  some undefined point in t h  y. * * * The unusual dis- 
turbance was followed in a few minu by a downpour of rain, which 
continued, with brief interruption. for nearly two hours. 

Another described the sound as “like the tearing of new 
cambric ”. A11 agree that i t  u ~ t s  the most startling phenonie- 
nou of the kiud ever experienced, because SO unexpected.’ 
The “.explosion ” was followed in a few minutes by R heavy 

5. Dolan Bnithers. 
7. Standard Coal and Ice C’ompaiig. 

I This c‘b~t l l  o f  fire” niay have been a distant meteor, and i t  will be 
wcirth m h i l ~ ~  to  serk for oliservations 1,) tlistaut observers about 1101111, 
Tiiesclny, duly 3, ~ : I I ~ ~ . - E L ~ I T ~ I I L  


